The main goals of our study of the women's javelin throw were twofold:. first, to analyse the dynamics of female javelin throw results variability as a function of time (time period 1946-2014), second, to create a predictive model of the results during the upcoming 4 years. The study material consisted of databases covering the female track and field events obtained from the International Association of Athletics Federations. Prior to predicting the magnitude of results change dynamics in the time to follow, the adjustment of trend function to empirical data was tested using the coefficients of convergence. Phase II of the investigation consisted of the construction of predictive models. The greatest decreases in result indexes were noted in 2000 (9.4%), 2005-2006 (8.7%) The javelin throw is an event which places both physical and technical demands on the athlete. It was first time held for women at the 1932 Olympic Games. The distance of the javelin throw mainly depends on the initial velocity and angle of release; it is calculated using the following formula:
INTRODUCTION
Athletics encompasses four sporting events including competitive running, jumping, throwing, and walking. In the modern era, its roots can be traced back to the second half of the XIX th century. Originally, athletics comprised a very limited number of events and was meant for men only. In subsequent years several new events were added and female athletes were allowed to participate. In the 1980s, five new events were introduced and one was withdrawn, while in the 1990s, one was added and one withdrawn. The women's 20 kilometre race-walk became an Olympic event at the end of the XX th century. This delay in the introduction of women's events in the athletics program has significantly affected the dynamics of women's athletics development. It has also caused difficulties in the analysis of sports results over time and in predicting the outcome of particular events [1, 2] .
Technological progress is another factor that has an impact on the dynamics of sports results variability. Technology can easily be perceived as a set of instruments and associated rules, and it should be deemed an important factor to drive the developments in sport.
Considering the evolution in sport, a hypothesis could also be formulated that the overwhelming majority (if not all) of changes has
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ing line, guarantees a good result. Correct work of the legs, trunk and arms is of considerable importance at the delivery. The optimum body position of a thrower is the position of a tense arch. The explosive power-velocity effect of this system ensures maximum javelin acceleration at delivery. Since that moment, throw distance depends on the initial javelin velocity and optimum angle of release [3, 4, 5] .
Javelin female and male throwers belong to the mesomorphic somatotype.
The main goals of our study of the women's javelin throw were 
MATERIALS AND METHODS

Material.
The study material consisted of databases covering the female track and field events obtained from the International Association of Athletics Federations (IAAF). Since the data available on the IAAF website only refer to the period starting from the year 1990, the previous rankings were collected from the Internet, athletics statistics yearbooks and reviews [6] . were also used. Since 1985, the annuals have been edited by Peter
Matthews [7] . The missing results (1946) (1947) (1948) (1949) (1950) were obtained from the latest publications of Brant and Waśko [8] , and Quercetani [2] .
The accuracy of the collected data was verified and confirmed by comparison to the information available on the website [9] as well as the information obtained from the Canadian The-sports.org in the form of database records. The enormous amount of data resulted in the so called 'information surplus' and hampered correct graph reading. We therefore decided to present comparisons of empirical data with linear or broken trends using 10-year intervals.
Study material preparation
Statistics
The basic features of study data were described using descriptive statistics. The results and input data were presented as means. During the first phase of the empirical investigation, the dynamics of results change was examined based on the time-series; the levels of the variable (ie. sports results) were analysed as a function of time.
Time units were numbered t=0 to t=n-1 and assigned the observed levels of the result change; thus, the stochastic process was modelled as time-series [12, 13, 14, 15, 16, 17] . The analysis of dynamics Trend function was determined and selected based on a moving average:
where:
a -trend value at time 0, b -average trend increase (b>0) or decrease (b<0), t -time variable.
Prior to predicting the magnitude of results change dynamics in the time to follow, the adjustment of trend function to empirical data was tested using the coefficients of convergence calculated from the formula:
Sport results prediction was based on time-series modelling. 
RESULTS AND DISCUSSION
The dynamics of javelin throw result variability. The results of female javelin throwers (since 1946 to 2014) are presented in Table 1 . female javelin throwers, and that the best parameter to predict the throw distance was the release speed [22] . The authors of previously performed biomechanical investigations of the javelin throw (using mathematical modelling) analysed javelin release parameters including release speed, angle of release, angle of the elbow, attack angle and release height [23, 24] . The authors concluded that the most important factor to determine javelin throw distance was the release speed resulting from body mass correlated with run-up speed and 
The functions of time-series trends and verification of empirical data fit
It was found that the empirical data were very well fitted to linear function of the trend since only 31% of result change were not accounted for by the trend function.
The verified time-series models for the year 2012 were as follows:
Women -f 1-10K (t javelinN )= 65.4+0.05*14=66.1m ±6.32m (4)
Predictive models and predicting event results
Since trend functions were correctly defined, sport results predictions were prepared for successive years using time-series, regression and RBF neural network models. The verification process of predictive models constructed for 5-year periods demonstrated high-degree fitting of empirical data to preliminary models (F=10.90). Thus, the correctness of the models was confirmed. Compared to mathematical models, neural networks showed higher degree fitting of input data (quality) and low error values in all groups-training, testing and validation ( Table 2 and Table 4 ). 
